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SECTION 1
INTRODUCTION

Project Description

Williamson County contracted AMEC Earth & Environmental to develop a concept level
floodplain mitigation master plan. This included the development of hydrologic and hydraulic
computer models and FEMA floodplain and floodway mapping to replace and extend existing
studies on Cartwright Creek and Lynnwood Branch. Conceptual flood mitigation alternatives
were analyzed in each basin for areas with high flooding potential. Lynnwood Branch was
studied from approximately 3500 feet upstream of Berry’s Chapel Road to its confluence with
the Harpeth River. Cartwright Creek was studied from approximately 300 feet downstream of
the Log Cabin Trail bridge crossing to its confluence with the Harpeth River. This project
includes areas of both streams that were previously Zone A non-detailed study areas and also a
floodway analysis/development for Cartwright Creek which previously had no such analysis.

Alternatives for potential flood reductions were analyzed for both streams and ranked based on
the effectiveness of each scenario. The main factor in the ranking was the overall number of
homes removed from the 100-year floodplain.

The project includes production of a Letter of Map Revision (LOMR) application request
package for Lynnwood Branch and Cartwright Creek to be submitted to FEMA for review and
(presumed) approval. The following report is a summary of all engineering work related to this
project.

Lynnwood Branch and Cartwright Creek Conceptual Flood Mitigation Master Plan
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SECTION 2
WATERSHED DESCRIPTION

Watershed Location and Drainage Area

The Lynnwood Branch and Cartwright Creek watersheds lie adjacent to each other in North
Central Williamson County, Tennessee (See Map 2-1). Both areas drain to the West with their
respective streams flowing into the Harpeth River. The Cartwright Creek basin drains 5.3 square
miles while the Lynnwood Branch basin drains 4.7 square miles.

Topography

Due to the proximity of the two basins, topographic conditions are similar. The eastern and more
upstream sub-basins of the study areas are steeper and wooded. As you move west toward the
Harpeth River and its floodplain, topography flattens and an increase in development is present.
The highest point of elevation in both watersheds is approximately 1140 feet while the lowest
point at the confluence of Cartwright Creek and the Harpeth River is approximately 560 feet.

Soils

Soils information was downloaded from the Soil Survey Geographic (SSURGO) databases,
provided by the Natural Resources Conservation Service. Soils throughout both Cartwright
Creek and Lynnwood Branch Watersheds can be generally classified as Group B and C
(moderate runoff potential). A small amount of group D (high runoff potential) is present in the
upper parts of the watersheds. There are no group A soils (sandy) in the study area.

Land Use

Land use in both study areas is similar with the exception of the Cartwright Creek basin having a
small amount of commercial development in the lower reaches along Hillsboro Road. The upper
parts of the watersheds are mostly wooded with a small amount of residential development.
Further downstream towards the Harpeth River the watersheds flatten out and an increase in
dense residential development occurs, especially in the Lynnwood Branch basin.

Lynnwood Branch and Cartwright Creek Conceptual Flood Mitigation Master Plan
July 2011 Page 2
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SECTION 3
HYDROLOGY DOCUMENTATION

Frequency discharges for the Lynnwood Branch and Cartwright Creek watersheds were
calculated using the U.S. Army Corps of Engineers hydrologic computer model, HEC-HMS
version 3.0.1. Discharges were compared to flows computed by the USACE and the existing FIS
flows. The following sections describe the methods used to acquire the required input data for
the development of the HEC-HMS model.

Basin Boundary Delineation

Internal sub-basin boundaries were delineated based upon hydrologic features within the
watershed, both natural and man-made. Topographic data in the form of 5° contours for the
Cartwright Creek Basin and 2’ contours for the Lynnwood Branch Basin were provided by
Williamson County. Basins were delineated with an average size of 200 acres per sub-basin.
Delineation was performed using automated methods within GIS then refined manually. The
area of each sub-basin was calculated, in square miles, and is listed in Tables 3-6 and 3-7. Map
3-1 and 3-2 give a visual representation of basin boundaries, and can be found at the end of this
section.

Land Use Determination

Land use coverage was developed using parcel data and aerial photography provided by
Williamson County. Parcel data was modified within GIS to represent differences in land use
using 14 different land use codes as presented later in this section. Land use was verified with
field visits. Map 3-3 and 3-4 depict land use boundaries over aerial photos and can be found at
the end of this section.

Table 3-1 - Distribution of Land Use in Lynnwood Branch and Cartwright Creek Watersheds

Percentage of Total
Area
Cartwright | Lynnwood

Land Use Description Creek Branch
Residential (High Density) 0.8% 4.2%
Residential (Medium Density) 5.9% 12.6%
Residential (Low Density) 18.1% 8.5%
Commercial 0.5% 0.0%
Industrial 3.1% 0.8%
Disturbed/Transitional 0.0% 0.1%
Open Land (Fair) 3.8% 0.0%
Open Land (Good) 51% 22.7%
Meadow 1.7% 0.0%
Woods (Thick Cover) 51.5% 38.7%
Woods (Thin Cover) 4.8% 4.8%
Impervious 41% 7.0%
Water 0.5% 0.0%
Total Area (square miles) 5.32 4.72

Lynnwood Branch and Cartwright Creek Conceptual Flood Mitigation Master Plan
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Soils information was downloaded from the Soil Survey Geographic (SSURGO) databases,
provided by the Natural Resources Conservation Service (NRCS). The NRCS classifies soils
into four Hydrologic Soil Groups based on tendency to infiltrate water. Group A soils have the
greatest infiltration capacity while Group D soils have the least. Soils throughout the watershed
can be generally classified as Group B and C soils (moderate runoff potential), though there are
patches of soil that are classified as Group D (high runoff potential). The soils data for this
watershed was compiled in a GIS file, with polygons representing each soil type. Map 3-5 and
3-6 depict the soil group boundaries, and can be found at the end of this section.

Curve Number Calculations

Curve numbers for the sub-basins were generated using a GIS model. The model overlays the
polygon files for soils, land use, and drainage basins in order to create a new file demarcating a
separate mini-polygon for each soil-land use-basin combination. Each unique mini-polygon was
assigned a separate curve number based upon its soil-land use-basin combination, with assumed
AMC 1I soil moisture conditions. Table 3-2 summarizes the land use — soil type — curve number
relationships. A curve number was determined for each sub-basin by generating an area-
weighted average from all the mini-polygons that lie within the basin boundary. Tables 3-3 and
3-4 provides a summary of the results of the curve number calculations.

Lynnwood Branch and Cartwright Creek Conceptual Flood Mitigation Master Plan
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Table 3-2 - Curve Number Lookup Table

Curve Number
Land by Hydrologic
Use Soil Group
Code Description A B C D Typical Land Uses
Residential (High Multi-Family, Apartments, Condos, Row
1 Density) 77 | 85 | 90 | 92 | Houses, Trailer Parks
Residential (Medium
2 Density) 57 | 72 | 81 | 86 | Single-Family, Lot Size 1/4 to 1 Acre
Single-Family, Lot Size 1 acre and
3 Residential (Low Density) | 48 | 66 | 78 | 83 | Greater
Strip Commercial, Shopping Centers,
4 Commercial 89 | 92 | 94 | 95 | Convenience Stores
Light Industrial, Schools, Prisons,
5 Industrial 81 | 88 | 91 | 93 | Treatment Plants
6 Disturbed/Transitional 76 | 85 | 89 | 91 | Gravel Parking, Quarries, Gravel Pits,
Land Under Development
Cultivated Land, Row Crops, Broadcast
7 Agricultural 67 | 77 | 83 | 87 | Legumes
8 Open Land - Fair 49 | 69 | 79 | 84 | Grazed Pasture
Urban Green Space, Parks, Golf
9 Open Land - Good 39 | 61 | 74 | 80 | Courses, Cemeteries
Hay Fields, Tall Grass, Ungrazed
10 Meadow 30 | 58 | 71 | 78 | Pasture
Forest Litter and Brush adequately
11 Woods (Thick Cover) 30 | 55 | 70 | 77 | Cover Soil
Light Woods, Woods-Grass
12 Woods (Thin Cover) 43 | 65 | 76 | 82 | Combination, Tree Farm, Orchards
13 Impervious 98 | 98 | 98 | 98 | Paved Parking, Shopping Malls, Major
Roadways, Paved Ditches
14 Water 100 | 100 | 100 | 100 | Water Bodies, Lakes, Ponds, Wetlands

Lynnwood Branch and Cartwright Creek

July 2011
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Time of Concentration Calculations

Times of concentration (T.) were calculated using the lag method as described in Technical
Release #55 by the NRCS, whereas flow along the path from the most distant point to the outlet
was subdivided into sections according to the type of flow: overland, shallow concentrated, pipe,
and channel. Flow paths in question were field verified. Travel times were calculated for each
of these sections, and summed into T.. Tables 3-3 and 3-4 provide a summary of parameters
used for the hydrologic modeling for Lynnwood Branch and Cartwright Creek.

Table 3-3 - Hydrologic Parameters Summary for Lynnwood Branch Basin

Lynnwood Branch Basin
Time of
Basin Area Curve | Concentration
Basin Name ID (acres) | Number {minutes)
Above Brookside 1 145 71 24
Beechs Tavern 2 152 67 35
Below Smith 3 226 69 26
Brookside 4 152 75 16
Farmington 5 151 78 41
Fieldstone 6 182 83 33
Glen Haven 7 76 66 25
Hartland 8 152 70 31
Legends1 9 61 78 27
Legends2 10 70 76 28
Lower Berrys 11 198 72 30
Lower Brookside 12 128 80 32
Lower Fieldstone 13 156 76 31
Smith 14 144 70 26
Upper Berrys 15 155 66 28
Upper Hartland 16 185 63 26
Upper Lake Valley 17 79 72 28
Upper Lynnwood 18 189 65 32
Upper Meadowgreen 19 138 75 27
Walesworth 20 114 85 13
Walnut Grove 21 72 83 22
Legends3 22 70 77 32
Upper Legends3 23 31 80 27
Lynnwood Branch and Cartwright Creek Conceptual Flood Mitigation Master Plan

July 2011 Page 7



amec”

Table 3-4 - Hydrologic Parameters Summary for Cartwright Creek Basin

Cartwright Creek Basin

Time of
Basin Area Curve | Concentration
Basin Name ID (acres) | Number {minutes)
Upper Hunterwood 1 137 68 29
Lower HBRO 6 115 79 43
Upper HBRO 7 165 72 28
Featherstone 13 114 73 32
Lower Cartwright Creek 15 198 74 49
Blue Springs 17 141 77 28
Battlewood 18 88 78 21
Manley Basin 19 255 74 44
Lower Hunterwood 21 145 79 44
Upper Cartwright Creek 22 59 85 42
Upper Berrys 23 147 65 20
Hidden Valley 24 144 68 33
Hidden Hollow 25 169 73 33
Mid Hidden Valley 26 77 70 30
Upper HV 27 117 75 30
Lower HV 28 171 69 25
Upper General JB 29 182 66 46
Upper Bobby 30 186 72 41
Bobby 31 189 73 31
E Manley 33 180 74 37
Beech Creek 34 139 72 28
Gen JB Hood 36 109 76 30
Overlook 37 65 75 31
Harpeth Hills 39 113 78 39

Lynnwood Branch and Cartwright Creek

July 2011
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Precipitation

Rainfall depths were taken from NOAA Atlas-14. Table 3-5 presents the 2-, 10-, 50-, 100-, and
500-year frequency rainfall depths, for the 24 hour duration, used to develop the SCS Type 11
storm for hydrologic modeling in the Cartwright Creek and Lynnwood Branch watersheds.

Table 3-5 — Williamson County, TN, Frequency Rainfall Depths

FREQUENCY 24 HR
(YEARS) RAINFALL
DEPTH

2 3.68

10 5.12

25 6.02

50 6.75
100 7.50
500 9.38

Channel Routing

The commonly used Muskingum-Cunge method of channel routing was used for all reaches in
both watersheds due to its applicability in a varied range of channel and hydrograph conditions.
Reach lengths were calculated using GIS and aerial photography. Slopes were determined from
available survey and contour data. Channel roughness factors (Manning’s n values) were
estimated from aerial photographs and field visits.

To capture channel geometry in the model, cross section parameters necessary to develop 8-point
cross sections were determined using two methods. First, field survey data collected for
hydraulic modeling were used for those reaches where appropriate. Second, where field survey
data were not available, a trapezoidal channel shape was used, and the remaining section
geometry estimated from available topographic data.

Model Calibration

Since no USGS gauges exist on either of the creeks, calibration targets were limited to previous
studies and similar watershed comparisons containing gauges. The predicted discharges match
fairly well with the existing studies and similar watersheds. Differences may be attributed to
better topography, increased resolution of aerials used to determine land use, and more detailed
parameter development for the models.

Hydrologic Model Results

The hydrologic models of Lynnwood Branch and Cartwright Creek watersheds provide peak
discharge estimates at numerous locations in the watershed. Tables 3-6 and 3-7 show a
comparison of the hydrologic modeling results for various flood frequencies for both watersheds.

Lynnwood Branch and Cartwright Creek Conceptual Flood Mitigation Master Plan
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